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Introduction 

5 This invention relates to hydro-pneumatic springs and in particular to hydro-pneumatic 
springs used in vehicle suspension systems. 

A hydro-pneumatic spring uses hydraulic fluid to transmit force to a variable volume 
gas chamber which acts as a spring. Hydro-pneumatic suspension systems for 

1 0 vehicles offer a number of advantages which include a rise in spring rate as the spring 
is compressed into bump and the possibility of adding additional features such as 
integral damping, variable damping, variable ride height, and load compensation. The 
non-linear spring characteristic, while advantageous as the spring is compressed 
towards the full bump position, creates a problem as the spring is extended towards 

15 the full rebound position because at full rebound, there is usually a large residual force 
remaining in the spring. This has an adverse effect on vehicle roll when cornering. 

The present invention is directed towards overcoming this problem. 

2-0 Statements of Invention 

According to the invention, there is provided a suspension system for a vehicle 
incorporating a hydro-pneumatic spring and an associated compensating spring 
means which acts in opposition to the force exerted by the hydro-pneumatic spring as 
2 5 said hydro-pneumatic spring approaches full extension. 

In a preferred embodiment, the compensating spring comprises an elastic element of 
solid material such as metal or rubber. The compensating spring may conveniently be 
provided by a coil spring. 

30 

In another embodiment, the hydro-pneumatic spring has an oil chamber and an 
associated gas chamber with a separator piston or membrane therebetween, the 
spring means acting to reduce the force exerted by the separator piston or membrane 
on the oil in the oil chamber. 



In a preferred embodiment the compensating spring is a coil spring located within the 
hydro-pneumatic spring. 

5 In a further embodiment, the compensating spring is mounted externally of the hydro- 
pneumatic spring and is operable to reduce the force exerted by the hydro-pneumatic 
spring as said hydro-pneumatic spring approaches full extension. 

In another embodiment, the compensating spring is in series with a check strap that 
1 0 limits the extension of the hydro-pneumatic spring. 

In another embodiment the suspension system includes an upper control arm and an 
associated lower control arm, which locate a wheel with respect to a vehicle body, the 
4 hydro-pneumatic spring providing the suspension force tending to extend the 
15 suspended wheel away from the vehicle body and one or more compensating springs 
act between the vehicle body and one or both of the upper and lower control arms to 
reduce the suspension force as the hydro-pneumatic spring approaches full extension. 

In a further embodiment the compensating spring is a torsion bar. 

20 

In another embodiment the compensating spring is a hydro-pneumatic spring element 

Detailed Description of the Invention 

25 The invention will be more clearly understood by the following description of some 
embodiments thereof, given by way of example only, with reference to the 
accompanying drawings, in which:- 

Fig. 1 is an . elevational view illustrating the general arrangement of an 
30 independent wheel suspension system incorporating a hydro-pneumatic spring 

according to the invention, 


Fig. 2 is a sectional elevational view of a hydro-pneumatic spring of the system 
which incorporates a compensating spring in the form of an internal coil spring, 


Fig. 3 is a view similar to Fig. 1 showing the general arrangement of an 
independent wheel suspension system incorporating a hydro-pneumatic spring 
and a compensating spring according to a second embodiment of the 
invention, the compensating spring being mounted externally of the hydro- 
pneumatic spring and in series with a check strap which limits the extension of 
the hydro-pneumatic spring, 

Fig. 4 is a schematic illustration showing an arrangement in which a 
suspension actuator is separate from the hydn>pneumatic spring element and 
the compensating spring is internal to the hydro-pneumatic spring element and 
acts to reduce the force exerted by the gas on the oil as the gas volume 
increases towards its maximum value, 

Fig. 5 is a schematic illustration showing an arrangement in which the 
suspension actuator is separate from the hydro-pneumatic spring element and 
the compensating spring is internal to the suspension actuator and acts to 
reduce the force exerted by the suspension actuator as it approaches full 
extension, 

Fig. 6 is a schematic illustration showing an arrangement in which the 
suspension actuator is a double-acting hydraulic ram separate from the hydro- 
pneumatic spring element and the compensating spring is a second hydro- 
pneumatic spring element connected to the rod end of the suspension actuator 
and acts to reduce the force exerted by the suspension actuator as it 
approaches full extension, and 

Fig. 7 is a graph illustrating start characteristics of a hydro-pneumatic spring of 
the invention. 

Referring to the drawings, and initially to Fig. 1 thereof, there is illustrated one side of 
an independent wheel suspension system according to the invention, indicated 
generally by the reference numeral 1, the other side of the system, which is located at 
an opposite side of the vehicle, being similar. The suspension system 1 incorporates a 


hydrostrut, hydraulic suspension actuator or hydro-pneumatic spring 2. In this case, 
the suspension system incorporates an upper control arm 3 and a lower control arm 4 
to locate a wheel carrier 5 with respect to a vehicle body 6. The hydro-pneumatic 
spring 2 is connected at its upper end to the vehicle body 6 by an articulated joint 8 
and at its lower end 7 to the lower control arm 4. It will be understood that this type of 
suspension system is shown for the purpose of illustration only and that the invention 
may be used in conjunction with many different types of suspension system. The 
hydro-pneumatic spring 2 is under compression and provides the suspension force 
tending to extend the suspended wheel downwardly away from the vehicle body. 

Referring to Fig. 2, there is shown a sectional view of a hydro-pneumatic spring 2 
according to the invention. The hydro-pneumatic spring 2 comprises an inner cylinder 
9, an inner end of which is stidable within an outer cylinder 10. The inner cylinder 9 
contains a variable volume of gas 11 above a separator piston 12. The remaining 
volume 13 of inner cylinder 9 is filled with oil and communicates with an oil-filled outer 
cylinder volume 14 through a damper orifice 15. It wiH be noted that in this 
embodiment of the invention, a compensating spring 16 is located internally of the 
inner cylinder 9. As the hydro-pneumatic spring 2 extends into rebound, the separator 
piston 12 comes into contact with the compensating spring 16 and begins to compress 
it This has the effect of reducing the force exerted by the separator piston 12 on the 
oil in the hydro-pneumatic spring 2. The compensating spring 16 free length and 
stiffness may be chosen to give a hydro-pneumatic spring force which decreases 
gradually from a suitable load level such as the static load value to zero at full rebound, 
as shown in Fig. 7. 

Referring now to Fig. 3, there is shown another suspension system which is largely 
similar to the suspension system shown in Fig. 1 and like parts are assigned the same 
reference numerals. In this case, a check strap 17 is provided which serves to limit the 
extension of the hydro-pneumatic spring 2. The check strap 17 is located between the 
vehicle body 6 and the lower control arm 4. It will be noted that the compensating 
spring 16 is in this case located externally of the hydro-pneumatic spring 2 and in 
series with the check strap 17. As the hydro-pneumatic spring 2 extends into rebound, 
the check strap 17 becomes taut and starts to compress the compensating spring 16. 
The force in the compensating spring 16 counteracts the residual force in the hydro- 


pneumatic spring 2. The compensating spring 16 free length and stiffness may be 
chosen to give a resultant spring force which decreases gradually from a suitable load 
level such as the static load valve to zero at full rebound as shown in Fig. 7. 

Referring now to Fig. 4, there is shown schematically another construction of 
suspension system in which parts similar to those described previously are assigned 
the same reference numerals. In this case, a suspension actuator or strut 18, which is 
mounted between the body at 8 and the lower control arm 4 at 7, is separate from the 
hydro-pneumatic spring element 19. The strut 18 has a piston 20 slidable within an 
associated cylinder 22. The hydro-pneumatic spring 19 is separated into a gas volume 
11 and an oil volume 13 by a separator membrane or piston 12. The oil volume 13 
communicates with the oil volume 14 in the suspension actuator or strut 18 through 
damping orifice 15. The compensating spring 16 is internal to the hydro-pneumatic 
spring element 19 and acts to reduce the force exerted by the gas on the oil as the gas 
volume increases towards its maximum value in precisely the same manner as in the 
embodiment illustrated in Fig. 2. 

Referring to Fig. 5, there is shown schematically another embodiment which is largely 
similar to that of Fig. 4 and like parts are assigned the same reference numerals. 
However, in this case, the compensating spring 16 is located in the suspension strut 
18. The strut piston 20 comes into contact with the compensating spring 16 as the 
suspension moves into rebound and the force in the compensating spring 16 
counteracts the residual force in the suspension strut 18. 

Referring now to Fig. 6, there is shown schematically another suspension system in 
which parts similar to those described previously are assigned the same reference 
numerals. In this case, the suspension strut 18 is a double acting hydraulic ram 
separate from the hydro-pneumatic spring element 19 and the compensating spring 16 
is a second hydro-pneumatic spring element connected to a rod end volume 21 of the 
suspension strut 18 and acts to reduce the force exerted by the suspension strut 18 as 
it approaches full extension. 

It will be appreciated that the hydro-pneumatic spring 2 or strut 18, when used in an 
independent suspension system of the type shown in Figs. 1 and 3, may be mounted 


between the vehicle body 6 and either the upper control arm 3 or lower control arm 4. 


The invention is not limited to the embodiments hereinbefore described which may be 
varied in both construction and detail. 
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TYPICAL BASIC HYDROSTRUT AND LOW REBOUND FORCE 

STRUT CHARACTERISTICS . 
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